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1. GENERAL 

1.1 This section provides REA borrowers, consulting engineers, con- 
tractors and other interested parties with technical information 

for using a probe wire during noise investigations. Probe wire in- 
vestigations may be undertaken where the telephone plant has been oper- 
ation^ for several years, where the telephone plant has just been placed 
and is not yet operational or along routes where construotion of new tele- 
phone plant has been proposed. 

1.2 A probe wire is used to measure the magnitude of the overall or 
individual harmonio frequency earth return current of a power line 

(See TE&CM Section 452, Paragraph 9.3). 

1.3 A probe wire consists of a length of insulated wire and two ground 
rods . The wire may be two conductor lamp cord with the two con- 
ductors shorted together at each end. A one hundred foot probe wire is 
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the length most ccmnonly used. When measuranents are made at a distance 
from the power line, such as along a HVDC transmission line, a probe wire 
length of up to five hundred feet may be used. The ground rods are 
usually the same type used for station protection at subscriber premises. 

1.4 Earth return current is usually measured along a power line after 
it has been determined that circuit noise in a telephone system 
cannot be reduced to an acceptable level through further work on the 
telephone plant. In other words, cable balance is excellent, cable 
shield continuity has been verified by measurement and the source of 
noise is through induction. Another situation where the measurement 
of power system earth return current might be desirable is where a new 
cable extension is planned parallel to an existing power line. The 
eiqjected power influence can be calculated from the average earth return 
Cerent as determined frcm measurements of earth return current along 
the ^wer line. Thus if it is found that a neutralizing transformer is 
req^red, it can be included in the transmission design or the proposed 
routing changed. 

1.5 The technique for measuring power line earth return currents is 
• v active on single-, two-, or three-phase power systems. As 
with any measurement technique it is inportant that the user be aware 
of limitations and/or problems relating to its use. 

1.5.1 A probe wire measurament requires more time to set up and conplete 

■hh^ ^ e:!ploring coil measurement, it is necessary to lay 

the probe wire on the ground and drive two ground rods. ^ 

1.5.2 The resulting earth return value is influenced bv differences 

potential along the earth surface. These differences in ^ 

Sices, 

2. MEASUREMENT OF EARTH RETURN CURRENT 

2.1 The selection of a location for measurement of power line earth 
return currents is an important consideration. It must be free 

from factors that might produce erroneous results. Things to avoid 
arc : 


^ that include secondary distribution conductors 

tors seocndary distribution conduce 

pors alters the magnetic field and can cause significant error in the 
results of earth return measurements. 

2.1.2 Discontinuities in the p^wer line such as bridged taps disfri 
bution transfonrers, power factor correction ° 

or dead-ends should also be avoided ThesS ^ PS comers 

frcm the power line and cause error-c; in o •)->> 'Sistort the magnetic field 
pu nine ana cause errors in earth return current neasurerents. 
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2.1.3 Metal fences located beneath or near a power line and parallel to 
it should be avoided. Ihe rtagnetic field from a grounded metal 

f^ce may be stronger at the earth's surface than that frcm the power 
line. This could result in a large error in earth return current 
meas\rrements . 

2.1.4 Sections where pcwer and telephone lines share poles should be 
avoided unless the joint-use extends through the entire exposure. 

Recorded results of measured earth return current are not the true values 
where the entire exposure is in joint-use. The error is due to the cable' 
ocaticsi near the power conductors. Variations in earth return current 
along the power line and the predcminaht harmonics of the fundamental 
frequency can still be determined. 


2.1.5 A_ probe wire shordd not be used where a buried cable or metallic 
pip® line is located beneath or very near the power line. The 
magnetic field from either of these may be stronger than that fron the 
power line at the earth's siirface. This will produce erroneous results. 

2.2 After the site has been selected for the measuranents estimate the 
distance to the lowest wire of the power line. Enter this value 
in the appropriate space (1) on the form for power system wave form 
analysis. A sample form for recording the data is shown in Figure 1. 

The sample form is designed for use when measuring power system earth 
return currents with either a probe wire or an exploring coil (See 
TE&CM Section 452.2). 

2.2.1 Find the height correction factor when a 100 foot probe wire is 
used in the table at the bottom of the analysis form for the 

estimated power line height and enter it in the appropriate space. The 
correction factors were derived by the equation: 

Correction Factor = 20 log M + 94.2 

M = 0 . 14 X 10 X log |( 400 + D) | Henries 

£ = Length of probe wire in feet 
D = Distance between lowest power conductor 
and probe wire in feet 

2.2.2 When using probe wires other than 100 feet in laigth or where 
distance between the probe wire and power conductor exceeds 60 

feet new correction factors will have to be ccnputed by the equation 
in Paragraph 2.2.1. Change the sign of the calculated correction factor 
before entering it in the analysis form . 


Where: 

With: 
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2.3 Drive a gromd rod at one end of the selected location. Connect 
one end of the insulated probe wire to the ground rod and extend 
it along the surface of the ground parallel to the power line as shown 
in Figure 2 for its full length. Drive a second ground rod at that end 
of the probe wire. Connect the probe wire to the tip terminal of the 
spectrum analyzer and with a short length of wire connect the second 
ground rod to the ring terminal. The spectrum analyzer must have a high 
input impedance; 100,000 ohms or more. 


Power Conductors 



FIGURE 2 

PROBE WIRE CONFIGURATION 


2.3.1 When using a spectrum analyzer designed for telephone system 
measurements set function switch to the BRDG600 position. Place 

the weighting switch to the desired weighting (C-MSG, 50 kHz FLAT or 20/f) . 

2. 3. 1.1 A 50 kHz FLAT weighting filter may not be available on all test 
equipment. The 3 kHz FLAT weighting should not be used for these 

measurements since it may prove necessary to measure frequencies higher 
than the filter cutoff frequency. 

2.3.1.2 For analysis on test equipment that does not have a 20/f 
weighting filter, factors for 20/f weighting in dBm have been 

included in column (7) of the sample form shown in Figure 1. 20/f 

weighted values are derived by adding 20/f weighting factors to the 
recorded flat weighted readings. 
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.3.2 Successively set the spectrum analyzer to the frequencies listed 
on the form. Read and record the values in dBmc on the analysis 
orm for each frequency with the weightings shown. When using test 
equipment that does not have 20/f weighting the values will have to be 
ca coated fron recorded values of flat weighted readings as shown on 
the form. (See Paragraph 3) . 

2. 3.2.1 Switch ^ the operating mode frcm spectrum analysis to NRS (noise 
. . . . iT'easuring set) . Make an overall reading with C-MSG and 20 /f 

ting. Record the results in the appropriate spaces of the form, 
overall readings may be converted to mumerical overall values of 

452)^caSS and amperes (I) respectively (See TE&CM Section 

Dz) oecause th^ are independent of frequency. 

2. 3. 2.2 An cwerril flat weighted itieasuranent does not have to be made. 

be ccnvBrted^o"S'2!(®^ measuremants are frequency dependent and can only 
te OTver^ to e^ return current (I) i*en made on a single frequency 

Sracv^f^S^e! flat weighted measurement can be used to check the 
S^Sraph 4? fr«Juenoy measuranents. This will he discussed 

® location. Move to the next 

continue until measuremants have been complatedl;: SS ISr^^ftes. 

2.4 Should measurements be desired along a route where there is no 

wire -ble.buriS S T 

feet away frcm the^poweT'line I®” 

ment starting at PaSgraph 2 2 TMs’w???'^ procedures for neasure- 

the influ^,^^ of thf S^;ile:"Srre^^pg:Sne“'Sr^2i:^'^^ 


CALOILATICN OF EARTH RETURN CURRENT 


3.1 ^rical values of TIF weighted airperes (I-T) and amperes (r) 
form aSfysSlrf^e^ wave 

^ to TIF weightSl dB by Sdi^^ th^oSSS Sto?^at^?2rt'^h 
overall »e readlnS “Peratim for each frequency and for the 


3.2.1 


Calculated TIF weighted airperes by the equation: 
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3.2.2 TIE weighted amperes may also be determined frcm the curve shown 
in Figure 3. Enter the bottom horizontal scale at the calculated 

If " Wf dBA value fron column (4) of the analysis form. Follow the verti- 
cal line to the point it intersects the curve. Read the TIF weighted 
aiTperes (I'T) of that point on the left vertical scale- Enter value in 
column (5) . 

3.2.3 Work can be checked by calculating the power summation of columns 
(3) and (4) and the root sum square (RSS) of column (5) . Root sum 

square is the square root of the sum of the squares of the individual 
values. Results of power summatims are in decibels and results of root 
sum squares are in numeric units- 

3. 2. 3.1 The equation for power summation is: 

PWR SUM = 10 log Izlog^^^^]^ 

3. 2 -3. 2 The equation for root sum square is: 

RSS = 

3.2.4 Calculated values should be nearly equal to the overall measured 
values in the noise measuring set mode. A large discrepancy indi- 
cates an error in either the calculations or in the individual single 
frequency meas^xraments . This should be fomd and corrected before pro- 
ceeding further. 

3.3 The next step is to determine the magnitude of the unweighted earth 
return current. If the measurements were made with equipment not 
having a 20/f filter, only the recorded results of flat weighted measure- 
ments will be available. Convert the results of the flat weighted read- 
ings to 20/f values by adding the 20/f weighting factors froti column (7) 
of the analysis form to the recorded flat readings in column (6) . Enter 
the resulting values in col\jran (8) . Flat weighted overall readings 
cannot be converted to 20/f values since there is no single 20/f factor 
that can be applied. 

3.3.1 When recorded 20/f weighted values are available, either calcu- 
lated or measured, calculate the unweighted earth return current 

in If dBA. Add the correction factor (2) frctn the analysis form to the 
recorded 20/f weighted value frOTi column (8) and subtract 40 from the 
result. Enter this value of the unweighted current in dBA in column (9) . 
Ccmplete this operation for each frequency and for the overall NMS 
readings. 

3.3.2 The unweighted earth return current in amperes is calculated 
from the equaticn: 

I^ = log’ 


|'(I^)dBA^ 



TIF Weighted Amperes 





TTF Weighted dBA 
PIGURF 
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3.3.3 The unweighted ampere value may also be determined frcm the curve 

shewn in Figure 4. Biter the bottom horizontal scale at the calcu- 
lated (If) dBA value frcm column (9) of the analysis form. Follow the 
vertical line to the point it intersects the curve. Read the value of 
unweighted axtperes (l) of that point on the left vertical scale. Enter 
this value in column (10) . 

3-3.4 The operation can be checked by determining the power summation 

of columns (6) , (8) , and (9) and the root sum square as discussed 

in Paragraph 3.2.3. 

3.3.5 The calculated values should be nearly equal to the overall 

measured values in the noise measuring set mode. A large dis- 
crepancy indicates an error in either the calculations or in the single 
frequency measurements. This should be found and corrected before 
proceeding further. 

3.4 The final step is to calculate the TIF contribution of the earth 
return current. Subtract the 20/f reading in dBm in column (8) 
frcm the C-MSG reading in column (3) and add 40 to the result. Enter 
the resulting TIF weighted dB ((Tf)dB) in column (11) . 

3.4.1 Numerical TIF can be calculated by the equation: 

Numerical TIF = log"^ / (Tf ) dB\ 

I 20 I 

3.4.2 The numerical TIF can also be determined frcm the curve shown in 
Figure 5. Enter the bottem horizontal scale at the calculated 

(Tf)dB value frcm column (11) of the analysis form. Follow the vertical 
line to the point it intersects the curve. Read the TIF value of that 
point on the left vertical scale. Enter this value in column (12) . 

3.4.3 Numerical TIF may also be calculated by dividing the TIF weighted 
anperes from column (5) by the unweighted amperes frcm column (10) . 

3.4.4 Calculations should be ccnpleted for all individual frequencies 
and overall measured and calculated values . The TTF values 

recorded in column (12) should be nearly equal to the values shown in 
Table III, Power Harmonic TIF Weighting Factors, TE&Oyi Section 452. 

3.5 An exairple of a ccrnpleted form for power system current wave form 
analysis is shown in Figure 6. It is iirportant that all of the 
information at the top of the form be provided. The time may indicate 
the data was obtained during a period of high or low load demand. This 
can semetirres be valuable during the analysis. Weather conditions can 
have a direct relationship to interference levels. 
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Nimerical TIF (TIF Weighting Factor) 









































M CURRENT VIAVE FOmmMSfSJ^ 


ALPHA 

BB 7 A £:LBCrRlC 

tGZ kl/. 3‘PRa^. 

Adimemt ti PeJe^l^ AHS 
Ctem^ om^i H&t 


'TRIC Sheet No. 1 

3- PRa^^ Date G/f/7i 3 

? AHS At Pc^uJ^ Time Z:30pm 

Tester 

i I Exploring coil type: 

Feet (1); Correction 'Factor tG 


Unweighted (Weighing Switch 
in 50 KHZ-FL2^T or 20/F) 

i(6) + (7)o2:f (8) + (2) j ;] 
Reading 20f -40 dB 

^ in^ Reading =(If)dBA anps 


.6)H-(7)or (8) + (2) HPW 

20f -40 dB +40 dB 

Reading =(If)dBA anps =(Tf) d 
( 10 ) 


wm 


-15, 

.6 

-19, 

.1 

-21, 

.6 

-23. 

.5 

-25. 

.1 

-26. 

,4 

-27. 

,6 

-28. 

,6 

-29. 

,5 

-30. 

4 


.-£L 


S' 




S { 2 


I) dBA 


^ — oaT— I of Power Line 7\tove Probe Wire or C ni 1 

• niiight I — L°— , 35' 4^—T~W' 50' 

Correctiai Probe Wire ,0-5 1.1 1.6 2.1 2.5 2 Q ■ i 

■ — — * 0 . o 


Factor ' “t: — ; 

^ loq^loring 

Coil 


19.5 i 21.5 23.0 24.4 25.5 


3.3 3.6 

26.6 27.5 28.3 


FIGURE 6 

EXAJ>4PLE~IlNn:TIAL MEASUREME3SfTS-EARTH RETURN CURRENT 
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3.5.1 In the example the distance between the lower conductor of the 
power system and the probe wire is 31 feet which is entered at (1) . 

Looking at the table of height correction factors for a 100 foot probe 
wire at the bottom of the form a correction factor of 1.6 dB is found for 
a 30 feet height which is entered at (2) . While a more precise correction 
factor (1.72 dB) can be found in Table VI of TE&CM Section 452 the re- 
sulting deviation is small and has no significant effect on the final 
values obtained. When the correctioi factors are obtained frcm Table VI 
it is necessary to change the sign before using them in the form for power 
system current wave form analysis . 

3.5.2 Measurements are completed with C-MSG, FLAT and 20/f weighting 
and the results recorded in columns (3) , (6) , and (8) respectively 

at the listed frequencies. NMS mode overall readings are also made and 
recorded. It is not necessary to record readings at the higher hantonic 
frequencies when it is obvious they are at a low level and would have no 
bearing on the overall telephone circuit noise. 

3.5.3 After the measurements have been completed and recorded the calcu- 
lations described in Paragraphs 3.2, 3.3, and 3.4 are cctipleted and 

the results entered on the form. Total data is now available for analysis. 


4. ANALYSIS 

4 1 The recorded results of measurements in the NMS mode in column (10) 
of Figure 6 shows an overall earth return current of 4.2 amperes. 

This indicates there is little likelihood of a fundam^tal fr^ency 
problem (excessive longitudinal 60 Hertz voltage in the telephone^stOT) . 
Penally when the overall earth return current approaches or exceeds 20 
amperes ?here is a possibility of a fundamental frequen^ 

The I-T (TIF weighted amperes) value in column (5) is 1202 indicating t 
there is a possibility that the earth return ^rent of one , 

harmonic fr^encies may be high enough to induce noise in a well balanced 

telephone circuit. 

4 11 It is difficult to establish a precise TT v^ue which will in^- 

Sli a pcobleai will adat. Ite overall I-T provid^ a broad 

be ccnpleted before a problem is known to exist. ^ a ge^ currJlt should 
thel.Texceeds 1000 a harmonic analysis of the earth return currenr sno 

be made. 
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4.1.2 Study of the recxirded I*T values for each harmonic frequency in 
coliitin (5) reveals that all are acceptable except the 540 Hertz 

ocxipcnent which is 1012. This indicates there is a potential for tele- 
phone systann noise at this harmonic frequency. As a general rule if the 
I-T at any frequency exceeds 500 there is a possibility of a noise problem 
in p)arallel telephone circuits. This does not, however, guarantee a noise 
problan cannot occur when the I*T is less than 500 but that there is a 
lower probability of one occurring. There are other variable coitributing 
factors such as the length of exposure, separation between the telephone 
and power lines, etc. (See TE&CM Section 452, Paragraph 5) . 

4.2 The unweighted harmonic frequency earth return current values in 
column (10) show there may be significant current at four frequencies. 

They are 180, 300, 420, and 540 Hertz with currents of 0 . 1 , 0.6, 0.6, and 
0.7 amperes, respectively. There is little chance of 180 or 300 Hertz 
ccntribution to the noise problem due to the low I-T. There is a possibility 
that the 420 Hertz corponent might be contributing to the telephone system 
noise if there is a long ejposxare. The 540 Hertz conponent appears to be 
the principal ccntributor in this case. When long exposures are involved 
a 540, Hertz earth return current as low as 0.1 airpere should not be regard- 
ed as being insignificant. A si±>stantial longitudinal voltage may be in- 
duced in a parallel telephone system which should not automatically be 
ccnsictered a power systam problem since the I-T would only 132. (See TE&CM 
Secticn 452, Paragraph 5) . 


4.3 


Cbnparison of the numerical TIF values from column (12) to those 
from Table III of TE&CM Secticn 452 shows a good correlation: 


Frecaiencv 


Column (12) 


Table III 


4.4 


180 Hertz 

30 

30 

300 Hertz 

224 

225 

360 Hertz 

376 

400 

420 Hertz 

631 

650 

480 Hertz 

966 

950 

540 Hertz 

1365 

1320 

The differences 

between numerical TIF and Table 

III values i 

be expected as are those between the results of 

overall NMS 


merits and power summations. They occur because it is not possible to 
ccnplete all of the measurements at precisely the sane instant in time. 
During the time period required for ccrrplet ion of the series of measurenents 
■there will be power system load variations that will produce these minor 
variations. When there is a large difference there is a likelihood an 
error has occurred and a second measurement should be made. 
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4.5 The 540 Hertz corponent will be the predcsidnant harmonic in the 
.majority of noise investigations. Power line resonance is often 
a factor which can be fu 2 ±her aggravated by capacitor bank installations. 
In the exairple (Figure 6) a capacitor bank located on the field side of 
the measurement location is assumed. Study of the recorded data would 
justify a suspicion that there is a power line resonance that is being 
aggravated by the capacitor. 


4.6 Additional measurercents of the harmonic frequency earth return 
currents are ccmpleted at other locations to confirm the tentative 

diagnosis. It will be assumed that the recorded resiilts of a measurements 
at a location on the field side of the capacitor bank shows ^ IT of 442 
at 540 Hertz with an earth return current of 0.3 ampere. 'While this is 
still marginally high it does appear to ccnfirm that the capacitor bank 
is a major contributor to the noise problem. 

4.7 Enough information has now been accumulated to determine that a 
condition in the power line operation is apparently the principa 

contributor to the telephone system noise. Even more important the 
information is in units (I-T and I) which are familiar to 
engineer and assist him in making decisions regarding possible 
for relieving the problon. Even though a telephone engineer or 
cian may make seme reasonable assumptions relative to the noise cc^^ri 
SSrLcm various pc^er systan, conEXinents 

be left to the power conpany. It is at this point in a noise g 

tion that the power capany should be contacted. 

4 7 1 Al 1 of the power system current wave form data is presented to 

^SoSI^Sr looking at the data with the tentative diagnosis ttot 
may agree aruer xouj^xuy r-^iia-t-Pd nroblem or they may indicate a 

there appears to be Surse of Iction is to 

desire to perform tests thems ’ oj-ound connecticn to the capacitor 

^ been 

removed torporarily. 

ad dpqcribed in Paragraph 3.5 are made at 
Siliho«n in Figure 6. Result^ of ttoe 
the same locauxui ^ r>n^r svstem current wave form 

measurements ^e Thll-T at 540 Hertz has been reduced frem 

analysis as sl^ earth return current is about 0.017 anpere. 

1012 to 23. The cal^lated 32 o gnd the earth return 

The I-T at 420 SeSy indicates the capacitor bank is a 

frem 0.6 to 0.5 ampere. 

significant factor in the noise problem. 
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PCkim SYSTEM ^CURRENT WAVE FORM ANALYSIS 


'Cenipral Office _ 

Power Ccrrpany BETA ELECTRIC Sheet No._ 

Primary. Voltage 2QZ kV B- Date ^ 

Test Location Adjtxc&ist & Af’-S At Time ^ 

Test Canditioi CiSAz Tester 

M- 100 foot probe wire ^ Q Ej^loring coil type: 

Power Line Height (Average) 31 Feet (1); Correction Factor 


alpha 

3ETA electric 
7.GS kV 3-P^^. 


TIF Weighted (VJeighing 


2 

2/2/7S 
10:30 at 


dB (2) 



FIGURE 7 

EXAMPLE-SEOaro ^ffiAS^IRHyEENT-EAR'IH RETURN CURRENT 
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4.7.3 The next action is to negotiate with the power conpany to 

determine if the capacitor bank can be relocated to a point 
nearer to or at the power substation to reduce the length of ejposiire. 
Such action would provide a final solution for the problem. 
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